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CALCULITION OF HEMO GLOBIN, HFMOTOCRIT IAD PLISNA PROTEIN 
‘oot teS COUe Er SUT PEATE METHOD) 


Sort ne ge ee Re 


ee an cee ee! 


“e Kaowledge of the istaname nc ag hematocrit and plasma j 
parenteral fluids. 


2. Tuese values can be obtained readily by the use of the 
‘sulphate wethod and it is recommended that laboratories of all ho: 
tals be provided with the necessary equipment and properly trained er 
sonnel to make determinetious. Inclosure 1 is a chart from which ca a 
culations are made, as described in Inclosure 2 which gives all t 
cal information necessary. | 
3. General and station hospitals should requisition the neces 

supplies and prepare their own sets, Either the sixteen or thirty 1 
| bottle set is svitable for the usuel clinical studies. The follow 
ear “should be a ubei tioned: ~~ ey 


2 


he ‘Item 4056400 Bottle, screw neck, vial type, round, 
b. Item #1161500 Cupric sulphate, 1 1b; U.S.P. 


Four pouncs of copper sulphate are required for an adequate ateasy, 
standard solution of specifie gravity 1.100: and from which all | 
solutions «re prepared as described in Inclesure 2. 

4, bield, evecuati pitels and clearing companies should 
aed only Item i AS Fy 3 ee eye 3a, and they will be supplied 
copper sulphate solution ae the urny or bese laboratory. : From 4 
stock solution sixteen bauvtle sets are easily prepared as describe 
Inclosure 2. is 
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Incl 2 - Details of the method 
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This method makes it possible with three or four drops of blood and no 
apparatus except a medicine dropper and small bottles of copper sulfate sole | 


I 
ution to determine the specific gravity of the blood, and. from it the hemo~ a 
globin content within 10 percent. By examining in a like manner the serum | « 
or plasma from the same blood one cen determine also the plasma protein con is 
centration and increase the accuracy of the hemoglobin estimation %o 4 2 per— aN 


cent. To measure the blood and plasma gravities and calculate the plasma y 
proteins, hemoglobin and hematocrit on a line chart requires about 2 minutes. 


The results can be used as follows: 

1. To assist in ascertaining the results of hemorrhage. 

2- To estimate decrease in plasma volume from hemoglobin increases, ne 
and to decide whether the plasma volume decrease is due to loss of water 35 
(dehydration of cholera, dysentery, exposure), or to loss also of plasma pro=j — 


teins (extravasation in burns, trauna, etc. ). 


3. To assist in deciding whether blood replacement therapy requires nde 
ministration of saline solution or plasma or whole blood. ae 


4. To follow the result of such therapy and decide whether it has been 
adeouate, and when it must be repeated. . 


5. If the number of cases exceeds the amount of blood ant. plasma availe 
able, the method will assist in deciding which cases must receive it and Oe 
which may be able to do without. i a 


6. Besides the acute conditions, the method will assist in diagnosing 
the different types of anemia, and in detecting various pathological conditions 
partailly summarized in a later section, in which the plasma proteins become. Ba 
Gituved or concentrated. ; 


The utility of blood and plasm ma concentrstion measurements is well recog- 
nized in the diagnosis and treatment of shock from wounds, burns, hemorrhage, — 
etc., and in other conéitions in which plasma proteins or hemoglobin are af- 
fected. However, the gravity methods hitherto used which are of sufficient q 
accuracy, such as the gravimetric, the faliing drop method and the gradient 
tube recuire precision instruments on stable bases. None of these methods, 
for example, ictanche well Miss used on shipboard. . ee 


Principle of the methoa: The technic consists of letting drops of plasna 
or whole blood fall into a graded series of solutions of copper sulfate of , 
known specific gravity, and noting whether the crops rise or fall in the solueiis 
tions. Each Grop on entering the solution becomes encases in a sack of conper- 
proteinate, and remains as a discrete drop without change of gravity for 15 
or 20 seconds, during which its rise or fall reveals its gravity relative to 


hy 


¥ 


- than the standard. 


than the vest solution; if it rises at all 1 during this peri pa it is igh 


MPeinetote « of t the he method (Cont. cee 


ee ee 


that of the solution. The size of the drop does not have to be constant, 
hence no special pipette is needed for delivering the drops. No temperature 
correction is needed, because the temperature coefficient of expansion of | 
the copper sulfete solutions approximates that of the blood plasza., CO aye 
method is capable of measuring gravities to 4 0.00005, which is ten times _ 
accuracy required. The copper sulfate solution automatically cleans itself 
after each test, because within a mimite or two after the test is coupleted 
the material of the arop settles to the botton as a precipitate. 


. The princivle of geagatns blood into a series of solutions of knowa 
gravity has been applied for decades but has never achieved entire success, 
Mixtures of organic liquids have been used, e.g., benzene and chloroforn, ue 
but they were liable to change in specific gravity due to differential evapo- 
ration of the components. They also have temperature coefficients of ex—. 
pansion several times that of water or blood and cannot be used without | 
accurate temperature regulations. In acfition, some of them give rise to toxic 
and to explosive vapours Dispersion of blood occurs too rapidly in the ~~ 
usual aqueous salt or Biveaed' solutions to enable small gravity differences, 
to be measured casily and accurately. The use of aqueous standard solutions 
which have protein-coagulating power overcomes these difficulties. 


For accurete work, viz., gravities within } 0.0002, a series of isa a 
sulfate solutions graded at intervals of 0.001 i specific gravity is used; 
twenty solutions cover the plasma renge 1.015 -1.035 and forty cover the 
whole blood ran;-ve, 1.035 - 1.075. For rougher work with gravities =< eeghienes 
to } 0.001, sixteen solutions at intervals of 0.004 suffice to cover the ite 
entire aenee of blood and plasma. | 


ih eéutuse for Gravity Analysis of Blood and Plasma: The drop of sorun, 
plasma or whole biooe is delivered from a height of about 1 cr. above the — 
solution from a pipette, or from a needle attached to a glass syringe. It 
is preferable to use small drops for the reason that they vermit more tests — 
before the standard solution must be changed. Therefore a a pipette with a 
fine tip is Plc Nad AOA to a coarse one for > delivering “the. “aron. Greas reasing 


the side of the tip with vaseline also reduces the size of the crop, espece 
jelly if the veseline is mixed with a little caprylic alcohol. foe 


The delivered drop breaks inecaee' the surface film of the solution and 
penetrates 2 to 3 cms. below the surface; within 5 seconds the momentum of 
the fall is lost and the drop then either begins to rise, or becomes station- 
ary, or continues'to fall. . The gravity of the drop relative to the solution | 
does not chanze appreciably until the drop has been immersed in the solution 
for about 15 seconds, and there is ample time.to note its behavior during 
this interval. If the drop is lighter than the test solution it will rise, 
perhaps only a few millineters during this interval, and may begin to sink: 
immediately afterwards. If the drop is of the same gravity as the standard — 
test solution it will become stationary for this interval and then fall. we 
the Grop is heevier it will continue to fall during the interval. ae suery 
the be behavior during the 19 seconds after the drop eee ae nonentun 
dts f fall into whe “solution indicates “whether the crop is 
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Example: The following ex eeirbd shave how, by Se ee on the piotets 
extremes of a plasna's gravity range and then testing intermediate points, _ 


ys can find the correct gravity with not nore than 4 é@rops to within 
0 0002. 


The plasma was expected to be of normal or greater concentration. Four — 
successive drops gave the following results, in which the figures indicate 
the gravities of the standards, and / or - indicates thet the plasma was 
heavier or lighter than the ‘standard; 1.027 /; 1.031 -; 1.029 f#; 1.030-. 

he plasma was heavier than 1.029 and lighter than 1.030, ané@ could ‘therefore 
be placed 1. 0295 with an error less than # 0.0002. : 


Approxinate Picld@ Determinations: For field work it may suffice to deter. a: 
mine the gravities to + 0.001. For this only 16 standard solutions with gravity 
intervals of 0.004 covering the range from 1.016 to 1.076 will be needed. An 
error of 0,001 in plasma gravity affects plasma proteins by 0.3 gram per 100cc 
adcitive errors of 0.001 in the gravities of both plasna and whole blood atten 
hemoglobin results by 5 par weiths 


Example: The plasma tested was Lichter then 1.028 and heavier than l. oak 
By observing the behavior of the drop in the two solutions it was noted to be 
closer to 1.028 than to 1.024 and hence could be placed at 1.027 with an error Ne 
not greater than + 0.001. . 

Calculations: Line charts for the conversion of plasma and whole blood 
gravities to plasma protein concentration, hemoglobin concentration and hemato— 
crit vercentages have been prepared by standard methods, and are given in 
Inclosure 1. . . 


The calculations are made by laying a straight edge or stretched thread ED 
as cirected on the saith 


If anticoagulant other than heparin is used the correction indicated we 
the bottom of the line chart, Fig. 2 should be applied. | 


For men the normal values are taken from precise measurements made for 
this purpose on the blood and plasma of 20 normal men. For women normal 
henoglobin and cell volume are taken as 90 percent of the normal for mene ear 


Precautions: . 


1. A tourniouet applied for more than 1 minute will cause measurable _ 
henoconcentration. ; 


2, Anticoamlants. | : 8 nk ; oe te ae 


(a). Heparin, O.2ngn. per cc. blood, does not chenge gravities. rans 


‘ 


equals that in this control bottle, the standard is renewed. 


_ felse rerdings. Do not bring cold bottles into a warm room anc usé at once. 
Do not leave ppt eioe neer Dt My or > window sill, ies Hold bottles only . 


(b) Oxalate mixture, 1 mgm, per ec. blood, increases graviticg of ee 
both plasma and whole blood about 0,0004. This effect is neslizible for nost 
purposes; it raises calculated plasma protein and hemoglobin velues each by 
only 0.1 gem. per 11 ce. When, however, less than 4 cc. of blood is added - 
tube containing 5 mgm. of oxalate mixture, corrections are made by subtract 
from both the whole blood and the plasma gravities 0.0007 if the blood vO: 
eo (Oe OO.) ar if fe 26.4 0.0020 if it te lee. | 


(c) Citrate introduces large errors. 
3. An#lysis without PUNO Searched Anticcasulants can be dhevensed 
with if the gravity cof the whole blood is determined by dropping it directly, 
from the syringe needle into the standard copper sulfate solutions. ‘The 
remiainder of the blood can be transferred to a tube and permitted to clote 
From the centrifuged or sedimented material a few drops of serum are érawn 
up into a cropper an¢. are used for serum gravity cetermination,. ; Mie. 
4. ‘Renewing stan¢ards. Renewal is needed when about 1 snall drop of 
plood or plasma per cc, of standard solution has been added. This will de- 
crease the gravity of the solution by 0.0005. A 4 ounce bottle of standard 
serves for abéut 100 tests. One extra standard of gravity 1.027 is preparec 
and to the solution one-fortieth of its volume of plasma is added cropwise. | 
When the volume of precipitate in the bottom of a repeatedly used Brana 


5. i Eice tiin, Cccasionally a drop will fail to make a clean break — 
through the surface film of the copper sulfate solution, and remain attached 
by a tentacle to the film. In this case the drop is cetached from the filn 
by tepping the tube, and a fresh cron is tried. oe 


After each test one makes sure that the surface film is left clean ane 
free from fragments. If any are left on the film ‘they are likely to prev« 
a Clean break-through of the drop in the next test. Fragments caught in 
surface film can usually be detached by tanping the tube: they. then sink ae 
the bottom. Sometimes, however, a fragnent of fatty nature holding a Bee 
bubble will continue to float on the surface. Such fragments are removed wit! 
a wooden apylicator stick. 


6. Temperature. The nebhod requires but little attention to temperat 


r ' z (e) + 5 pNe 2) 

(a) Change of temperature of standard solutions of # 10 ©, changes 
gravities not more than / 0.0002, because the temperature effect isn i les 
same on the gravities of standards as of blood. 


(v0) Blood érawn from a vein into a syringe can be iplineren tspeee 
from the syringe needle into stancard solutions at 20° or above without: erro: 
axceeding 0.0003 in the gravity measurement. Blood or plasma drawn into a 
medicine Grovper and delivered into the copper -ulfate solutions agrees ae, 
within 5° Centigrade of the temperature of the solutions. 


ey 


a (c) Convection currents in the standard solutions could ina 


- or leounce c 


Se ee eee 


on (gravities to } 0.0002 Fy ral prescription" dottles of Wy 
apacity. For field Ret oottALbios (gravities to z 0.001) 16 ) 
bottles. suffice, 


Rubber stoppers, corks, or screw-tops are preferable to glass stopners. 
Te bottles are labeled with gravity figures from 1.008 to 1.075, with the 
labels where they can be read from above, anc are arranged in ranks of five, 
for convenience in selecting desired solutions. Seventy ounce bottles thugs 
arranged occupy a space about 10 x 20 inches. Bae. 


For laboratory use the ounce bottles are preferable because they permit 
about 100 analyses, without replacing the solution. 


For portable sets the 1 or 2 ounce bottles may be used. It is convenient 
to bind those in sets of 5 with transparent "Scotch tape". . 


Test tubes of 16 x 150 mi. size, or preferable 25 x 200, heavy—walled, 
can be used in place of bottles. 


Apparatus for Preparing the Copper Sulfate Solutions: One volumetric 
flask of 100cc. “ canacity ana one burette, preferably also of 100cc capacity, 
for vreparing standard copper sulfate solutions to be stored in 4+ounce bottles 
If 2-ounce bottles are used the flask and burette should be of 50 cc. capacity; 


If l-ounce bottles are used the flask and burette should be of 25 cc. capacity. 
Three 4-liter bottles. 4 


One l-liter volumetric flask. 


One 500 cc. graduated cylinder. 


One 7~inch funnel, and cotton or filter naper. 
_ One thermometer, 0°C. - 4o°G, or corresponding Fahrenheit. 


Reagents: Oxalate mixture. 3 gm. ammonium oxalate and e em. potassium ~ 
Oxalate are dissolved in 250cc. EDP. 0.25cce. are pipetted into round-bottom, 
heavy-walled, 15 x 125 mma., pyrex tubes. The tubes are placed on their sides 
to spread solution in a film, in an incubator (not over 50°C.) and Gried. Mark 
the outsice of the tubes at the 5cc. level with a glass-marking pencil. — 


The oxalate mixture (Hellor and Paul, J.Lab.Clin.Med., 19, 777 (1934), 
disturbs cell ana plasna gravities less than either potassium | or ammonium 
oxalate alone. 


; Crystalline copper sulfate, CuSO4,5H50. This is preferably purchased in 
the forn of "fine crystals." Otherwise it must be pulverized before using. 
Four pounds provide a complete set of 100cc. standard solutions. Ten pounds © 
will probably suffice a laboratory for a year. me 


Preperation of Copper Sulfate Solutions: Saturated copper sulfate solu- 
tion — This solution is used to prepare a stock solution of gravity 1.100 4 _ 
0.0003. Use of a solution saturated at a known temperature affords a precise 
means of preparing the stock solution without a balance. The saturated sol~ — : 
is Beepet et as follows: | i 


Pour vende of "fine crystals," or pulverized cooper sulfate are p 
heliter bottle. aAboub 250Ccc. of distilled water is added, and the 


Pan & 
bottle is stoppered and shalen vigorously for a total of 5 mingtes: whic 

not be continuous. (Three minutes has been found sufficient, even at OP Ce 
_ to saturate this solution ir the sulfate is well pulverized.; As soon as the 
| shaking is finished the tenperature of the solution is taken to the neares 
_ half degvee Centigrade and is recorded, (It will be a Little cooler th 
water was before the saturation, because the saturation process absorbs he. 
The solution is immediately decanted off the crystals and is filtered, to re. 
move fine suspended crystals, througn cotten or dry filter paper into a> 
_ dry d4-liter bottle, -The solution is at once used to make up a stock sol 
of gravity 1.100, (It is vreferable not to let the satvrated solution s 
long before using, as if it cools, some of the copper sulfate may cz ‘ystal 
- and change the concentration.) The undissolved sulfate can be used seam 


liters baa s stock olin of gx hea oa 1.100, and uae in turn is eats 
fora bithiete set of 70 standard solutions of 100cc. volume each, with © 
enough surplus to provide replacements for the standards which are most us 
Smaller or larger amounts o* the saturated solution can be made by using pr 
lagen auounts of cop. er sulfate pcs water, . 


stock: Sopver Sulfate solution. of Gravity 1.100. (Gravity figures in 
eport were determined as the ratio of the weight of copper sulfate solu 

to the weight of an equal volume of water at the same temperasure.) The © 
volume of saturated solution indicated in Table 1 is measured in a 500cc, 
graduated cylinder and poured into a l-liter volumetric flask. The upturne: 

| cylinder is allowed to drain into the flask for 30 seconds. ‘The flask is 
* then filled to the mark with water, and is inverted severai times to mix t 
| solution, The mixing results in-a contraction, so that the meniscus now 
below the mark. The flask is let stand for a-minute until the solution dr. 
down from the neck, Then enough additional water is added to bring the v 

to 1 liter, the solution is mixed, and then poured into a clean, dry, 4eli 
bottle. The same l-liter potinetrds flask is used to prepare 3 more liter: 

of the stock copper sulfate solution of gravity 1.100. wsach time before 
flask is used again it is rinsed with water and the rinsings are aay: 


It is desirable that the saturated solution, the stock solution and 
standard solutions next described shail all be prepared at within 5° Centigra 
of the sane adel The coe sdeahrten dis of expan si. Of ess a reahibae  & an 


im vator, SO that itt the pamiiatid ea ldicene and ae sete WIP? \] mE 
35°C, and the standard solutions at 20°C, the standards would have more - 
aie er sulfate than intended, enough to inerease the gravity by about a 


Proparet ion 5; of Standard sc olutions : un oLGee, Pe Port tions, The stand lard — 
solutions are preparad in . 100ce, portions wh xen hmounce bopbies are availan! 
‘for storage, . 


eae 


od ei thie bar obo into t 
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he 100ee tia cst the rica 
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nsed 
th aches ae | ahs Wihot ke. ig: refillec. : fron a Bene: betine haley Plaak 
containing the solution. The 73cc. of the stock solution are measured _ 
inte the volumetric flask and Cilutec to 100. 


Rh Pins 

The Sa choeciica is carried through for preparation of the entire 
down to 1.015, which covers the extreme ranges for blood and plasma. If 
gravities on ascitic fluid and transudates may be desired also, the series 
is extended to 1.008. For each stancard the number of cc. of stock solu 
less by 1 than the number indicated in the second anc third decimal place 
the Cesired gravity is measured in the rinsed 100cc. flask and diluted to 
the mark. 


If there were no contraction when the stock solution is mixed with wa 
one would dilute 75cc of the stock to 100cc.. to get a grevity of 1.075 etc 
However, there is a contraction which is empirically corrected by taking 
less cf the stock. It happens ccnveniently thet the same lee. correctio 
serves for the entire range, 1.075 to 1.008, over which its use yiclds grav 
correct within / 0.0003. He. 


sf 
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For ficlé work with gravities accurate to / 0.001, sixtcen standard 
tions varying by 0.004 and covering the range of 1.016 -1.076 are prepar 


Preparation of Standard Sclutions in 50 or 25cc. Portions. The volv 
‘of stock solutions indicated in table 2 are measured from 50 or 25 ces Db 
into 50 or 25 ce. flasks. 


Equations on Which 1 the Line Charts are Based: 
p= Specific gravity of plasma; Gp = Specific gravity of whole blood. 
1.0970 = average specific gravity of normal cells. 
(1) Plasma protein (gn. per 100 cc. plasma) = 343 Gp ~1.0070 


(2) Hematocrit (cc. cells in 100cc whole blood) = 100 Gz - G, 


‘ riper 
1.0970 = Go 


(3). Oxygen capacity (cc. Oo bouné in 100cc. whole blood) ~ Be  | Gy ~ a, 


4 


f 


t 


(4) Hemoglobin (grems per 100cc. whole dlood) = 33.9 Gp -~ Grp 
1.097 ~G., 


T.0970 = | 


- 46.1 represents mean cc. of oxygen bound by hemoglobin in 100 ce. of 
cells. 33. =f -ciscahecae the mean grams of hemoglobin in 100 cc. of foie 


1:5 eae be 


: The above Squations can be used to calculate results : An ease’ 
“charts arg’ not available, 


Effects of Cell abnor emaltios on Hematocrits and So 
from Gravitios: In blood colls of abnormal hemoglobin content, as. 


~ hypochromic ane mias, the calculations of hematocrits and hemoglobins f3 
gravity values is not as accurate as in blood with cells of normal con 
However, we have seldom encountered a blood in’ which the error in hemo; 
was greater than i aie per cont Qo capacity, or 0.7 gis of hemo glo 
cate nae 


he sarc ae hot cause D preter: errors in aie he ean eapeyee 
a at from gravities is presumably the fact that changes in coe 
_,@nd cell hemoglobin contents are parallel. The. calculations i 
and 4) assume that the cell Bravity remains constant at £097 
globin content at 33.9 grams per 100 cc. of ceils. When Sts thas 
change in the same direction their changes in Equation 4 partly cane 
eee in their 4 Fabia on ts es seemed calculated from stent bonaasts 


eat cata 


Die ibelate, Pathological Conditions Affe 
> The different types of anemia and polycythemia are so voll known EF t 

effects on blood hemoglobin concentration that it is unnecessary to. isou: 

' them here, However, the numorous conditions ‘that causa a decrease or 

in the plasma protuin concentration are not so well known. ‘The mos 
sumary of thom is the recent one by hagan (Southomi.cd. ie pe 

alabama, 36, 234 (1943) and. Table 3 is drawn chiefly fron his data, — 


4a 


So far as the clinical utility of plasma: probe yin ‘dati enee 
cerned, one may say that in acute conditions the determinations, nay 
chi¢cfly, as guides in therapy to correct abnormal volume or pretein. cor 
tration of the plasma, while in chronic conditions the -doterminations 
more as aids in deaenaels of pathological conditions. , 


“In diagnosis, an abnormal plasma protein concentration is defini 
that one of the faetors controlling the concentration has been dister 


ba fe ooied tice wih opposite affects vinich a ee in such a case. 
ple “sme. etn inca to eR inte ppheeieal: 5 conditions that, neva 


nee first causes a 


bows eaaes es amepines tho ee nea "ae he ea ak hese .. ‘shock, 
however, hemoconcentration may set in, — decresse cf blood volume and re=- — 
turn of the plasma and hemoglobin concentrations towards or even above Ll oe 


‘Liver cirrhosis retards albumin synthesis, but may incrvase globuiin f 

tion, with a resultant normal total protein concentration in the plasma. 
., Chronic diabetes tends to produce malnutrition and deficit of plasma — 

we 5 

albumin and total protcin, but in acidosis, dehydration may raise the total 
; Paes 

protein concentration to normal or above. “ee 


It is evident from the above that, although blood and plasma concentra= 
‘tions data provide information concerning a patient's condition that can not. 
be obtained by clinical inspection alone, nevertheless the concentration 
can not be applied by any rule of thumb, but mst be considered together wi 
the history and other available data in deciding on the patient's condit on 
and the indicated the sFapys : 


Burns, Post-Operative Conditions, and ‘Tranmatie $ shock: In these t 
conditions, with their rapid aad often critical ical shifts of of hemoconcentratior 
estimations of the plasma proteins and the hemoglobin by the gravity technic 
are of especial utility, both in detecting the changes and in guiding the | 
therapy. For data on we ich the following summary is chiefly based the authors 
are indebted to Dr. John Scudder (Personal communication). 

Burns. Secpage of plasma from the denuded areas cause a decrease botiae 
in the volume and the protein concentration of the plasma. In conse QUONCe 4.\9 
the plasma protein fails while the hemogiobin rises. 


dn some cases during the first hours a loss of water from the blood 
to such an extent that the plasma proteins show a transitory rise.’ This, 
ever, is followed by the fall, described above y as the ‘effects of protein 
by s@epage accumulate, fhe oecassional initial dehydration of the blood seoms 
to be due partly to passage of water from blood to tissues, as it may occu 
when there is no marked_extcrnal loss of fluid, as by vomiting and sweati 
The hemoglobin rises during this stage, as well as during the subs equent 
when the effects of sccpage dominate. 


To guide plasma replacement therapy it is desirable to determine plas 
and blood gravities one or more times daily for suve ral days. 


Post-Operative conditions, In the post-operative period dehydration of 
the blood is likely to increase both : 
concentrations,’ The dehydration may go so far as to produce uremia. Reps 
saline injections may be required to replace fluid. Howevor, if too mich 
saline is administered by unregulated infusions, hemodilution and a wabore 
logged, edematous state of the tissues may result which is as undesirable as 
the dohydration, | hi | 


If Changes in blood gravity are followed infusions can be so regulated 
that error in éither direction is avoided. 


For repeated injections it is safer to use Hartmann's fie Anlled. ASSO+y | 
103, 1349 (1934)) solution rather than 0.9 percent NaCl. Hartmann's solution — 
contains 6 gm. NaCl, 4 gm. sodium lactato, 0.4 em. KCl, 0.2gm. CaCl alone may 
result in fall of plasma bicarbonate, potassium, and calcium. The loss of bi- 
carbonate is particularly undesirable, because it-exacerbates the acidosis ee 
that may be produced by either shock or anesthesia. The lactate in Hartnann's 
solution is equivalent to 75 percent as much bicarbonate, because it is © 
burned to bicarbonate in the body. 


Besides their use in directing fluid santnnanewt therapy, blood canter 
measurements can assist in detecting certain post-operative complication 4, 
Peritonitis, intestinal fistulae, abscesses, and pancreatitis all cause the 
Same blood changes soon after burns, viz., fall in plasna proteins and rise in 
hemoglobin. (In pancreatitis an initial period of increased plasma pro- His: 
tein may intervene, as in some cases of burns). In perforations Of. the Mies 
gastro-intestinal tract the plasma proteins first rise, then fail. The be~ 
havior of the hemoglobin depends on the extent of hemorrhage, the variably ae 
effects of which have already been discussed. A fall in hemoglobin indicates — 
marked loss of blood, but maintenance of hemoglobin concentrations is not | 
certain evidence against such loss. 


Traumatic shock. Varying degrees of dehydration, of plasma oe vn 
‘seepage from injured vessels, tissues, and surfaces and.of internal and © 
external hemorrhage, can combine to produce such unpredictable effects on 
‘blood volume and concentration that observations on the blood are sno 
needed, together with careful interpretation. Marked changes in hemoglobin | 
or plasma protein concentration provide clear guidance. But it is possible © 
for blood dehydration so to balance losses of plasma and hemoglobin that their 
concentrations remain, or return to normal. Such a paradoxical condition ie!) 
to be suspected when the clinical and vascular signs of shock accompany normal 
gravity values. The circulating volumes of blood is then low, desnite the 
normal concentrations, and transfusion of whole blood in preference to pine 
is indicated. 


The work described in this paper was done under a contract, recommended 
by the Committee on Medical Research, between the Office of Scientific Re~ 
search and Development and the Hospital of the Rockefeller Institute for 
Medical Research. 


(From the United States Navy Research Unit at the Hospital of the Rockefeller 
Institute for Medical Research, Commanding Officer, Commander Thoms M. pil gid.| 
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Stock Solution of Specific Gravity 1.100 


Temperature in °C. or OF. refers to the temperature of the saturated solu ric 


at the time of saturation (end of shaking for 5 mimutes). 


Ce. = cc. of the saturated copper sulfate solution to be diluted to 1000¢: 
‘Give the stock solution of specific gravity 1.100. 


Tenperature , Temperature Temperature 
OC, OF, Ge OCG OF, od a ¥ OG; ‘ OF, 


10,6>° 50.0... 578 20.0 68.0 Ugg 30.0 86.0 
10.5 50.9. 573 20.5 68.9 ugh 30.5 86.9 
1i.0- 51.6 ‘onc. eke 69.8 Uso 31,0 | 
tee: 52.7 563 28 70-7 Uu77 ee F SE. 
12.0 53.6 55S 22.0 T1s6 473 32.0 *- .. 8926 
12.5 54.5 55>. . Ree 72.5 469 32.5 9025 
13.0. 55.4 BUS ee erie 73.4 L66 se GReO Oem 
13.5 56.3 543 2365 74.3 463 5aeo 92.3 
14.0 57.2 539 24.0 752 460 34.0 93.2 
14.5 58.1 534 eu.5 76.1 456 34.5 94.1 
Bae ee Sed 250 7720 453 3520 | 95-0 
eee 869°. 5e5 9 to ae te Re, 9) 35°5 959 
16.0 60.8 521 Pb.0°°° 78.8 Uy 36.0 96.8 
1655 61.7 516 Plo ay fo Pa Mo a> pare abe 
17.0 62.6 512 27.0 &0.6 ye 37,0 9S. 6). 
17-5. 63.5 506 275 S125 439 37+5 99-5. 
tec GHall 504 28.0 2.4... N36 38.0 100.4 
18.5 65.3 500 te ER oo ns AA 43h 38.5 pha Pe. 530 
19.0 66.2 496 2930". 84.2 431 39.0 102.2 
19%: Gled ge 29.265 85.1 42g 39.5 103.1 
ae OGs0 48s 30.0 66.0 es 40.0 104.0 
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(Copper Sulfate Method for Sp. Gr. of Blood and Plasna, Phillips, et al 


Cec. .of Stock Copper Suifate Solution to be Diluted ce) L0Ccc., 5Oce. 
or 25¢cc. when Standard Solutions Accurate to + 0.0001 are desired. 


“FT sl calli 
Oi DH AHO 


TABLE 2 


G 


1.042 
43 
yy 
Ls 
U6 
47 
Us 
lg 
50 
51 
52 
53 
By 
pe) 
56 
Ot 
58 
59 

60 
61> 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
tae 
74 
15 


100 


41,00. 


42.00 
43.00 
4h. 00 
45,00 
46.00 
47.00 
4g,00 
. 49,00 
50.00 
51.00 
52.00 
55.00 
54.00 
55.00 
56.00 
57-00 
5S. 00 
59,00 
60. 00 
61.00 
62.00 
63.00 
64.00 
65,00 
66.00 
67.04 
68.08 
69,12 
70.16 
71.20 
72.24 
73227 
74.30 
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in coe Plasma 


General 


ea mae acc lta acta ieee sings dnd 
_ High Concentrations. 

Due usually cither to dehydration or 
_ to increased globulins. Incrensed 
_ globulins are common in chronic 
infections and diseases of the 
reticulo-endothelial system. 


all 57 


; 


a eee 


Wong 


High concentrations. 


f Ll. ‘Dehydration. 

a. Insufficient fluid intake, espe- 
cially when accompanied by exposure, 
> as in open boats. . 

fF wb. Fluid loss: kay acan obstruc- 
tion and fistulae; diarrhea, cspe- 

' cially in infants, also cholera and 
. dysentery; vomiting; severe diabetic 
_ acidosis; intense heat and exertion; 
_  addison's disease; shock, surgical | 

' and traumatic; burns, first few hours 
- (some cases); fulminant infections. 


~ 


ee ee a ON eee Te 


2. Diseases involving the reticulo- 


endothelial system (High globulins) 


liultiple mycloma. 
Monocytic leukemia. . 
Liver cirrhosis and cancer. 


—_™ 


Chronic infections. 


36 


Ulcerative tuberculosis; syphilis; 
ote versrums subacuto bacte- 
vial endocarditis; periarteritis 
nodosa; lupus erythematosis; rheumo- 
‘thritis; Boeck's sarcoid; 

La ABaL 5 schistosomiasis 


formation as the result of malnut 


Specific Causes 


Se 


Causes 


Low Concentrations. 
Due usually cvither to mechanical 
of proteins by extravasation or 
excretion, or to decreased album 


tion or liver disease, 


Low concentrations. 


1. Physical escape of plas 
from the circulation. 


Hemorrhage, acute or chronic. | 
weeping wounds or skin lesions . 
thateiel. Albuminuria. Shock, 

surgical and traumatic. 


Malnutrition. (Low albumin, , 
Low protein dict. ay 
beat deficiencies, bere tae 

pelle Bre. ‘9 otG, aire 

: E Souplcts absorption, spruce 
Cancer of stomach, puncreas, ~ 
Pernicious anemia. . 
Diebetes mellitus, unregulated. : 
Hyperthyroidism 
Texemias of pregnancy. 


i 


albumin syr 


3. Conditions in which 


Line chart for calculating plasma proteins, hemoglobin 
and hematocrit from gravities of plasma and blood 


Plasma Blood 


Specific Proteins Specific 
gravity 


gravity (qm /100 cc.) 
(Gp) Hemoglobin Hematocrit (GR) 
1035 | (qgm/100 cc) 1.035 
(Hb) (Ht) 36 
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Normal! women 
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To fand rad 
ait 50 Plasma proteins, use 2 scales on line to left. 61 
~ |Hbor Ht from Gpand Gp, stretch thread 62 
21 across G Gat Gr miibess on outside ; 63 
lines Read result on inner line. 64 
1.020 4.5 | Approximate Hbor Ht from ab alone, 65 
stretch thread across Gp and mean 
| normal Gp Result on inner line 66 
19 40 | Example. Line across chart shows calcula- 67 
. tion of Hb7159 and Ht= 47 from Gp*1 0264 68 
18 and Gp=10595 69 
NB. Plasma scales read up, others down 1.070 
17 - Correction for oxalate, deduct fram both 71 
Gp and Gp 00004 for each mg 32 mixture], 72 
16 NH,and K oxalates added per ce blood 10 13 
30 | Unitof sp gravity is H20 at same temper- oi 
| ature 
15 os 8. 
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